Morphometric variation in the squid Loligoforbesi was investigated to quantify effects of region, season, sex and maturity. Practical exercises were carried out using this species and the congeneric Loligo vulgaris to evaluate differences in measurements by different workers. The utility of meristic characters was also examined. Consistent significant differences were found between measurements by different workers, although this problem may be reduced with experience and many of the differences were small compared with observed differences between areas, particularly differences between Loligoforbesi from the Azores and elsewhere (Scotland, Spain, Portugal). Body shape in Loligoforbesi varied significantly in relation to maturity stage and, to a lesser extent, with season. Multivariate analysis of morphometric characters for samples collected in Scottish waters over 12 months revealed no consistent differences between localities. In contrast, there were marked differences between Loligoforbesi from the Azores and those from UK waters. If future studies on geographic variation in loliginids are to make use of morphometric characters, they should be based on simultaneous sampling to minimise effects of season and maturity, and all measurements on a single character should be made by a single worker.
Introduction
The veined squid Loligo forbesi is one of two loliginid species of commercial importance occurring in the northeastern Atlantic. Loligo forbesi is present throughout the northeastern Atlantic and its range extends to the west coast of Africa, the Mediterranean, and the Azores (Roper et al., 1984) . The congeneric European squid, Loligo vulgaris, is less abundant in northern latitudes but increasingly replaces L. forbesi in the southern part of its range.
There are only two previously published studies on geographic variation in L.
forbesi. Brierley et al. (1993) studied aUozyme variation and found marked differences between Azores and UK samples. Boyle and Ngoile (1993) observed morphometric differences between specimens from the North Sea, northeast Atlantic and Rockall fishery areas (International Council for the Exploration of the Sea fishery subdivisions IV, Via and VIb) but found no conclusive evidence of separate stocks. Both morphometric and aUozyme data were used by Augustyn and Grant ( 1988 ) in a comparison ofLoligo vulgaris vulgaris and Loligo vulgaris reynaudii, the study confirming that the differences were of subspecific rather than specific nature. Cohen (1976) examined morphometric characters of four species of Loligoforbesi from the western North Atlantic.
The application of multivariate analysis of morphometric data to studies on taxonomy and geographic variation is well-established for vertebrates, particularly reptiles (Thorpe, 1984; Thorpe and Baez, 1987; Thorpe and Brown, 1989; Butler et al., 1989; Creech, 1992) , and has previously been extended to cephalopods in at least three studies (Kristensen, 1982; Augustyn and Grant, 1988; Boyle and Ngoile, 1993) . However, soft-bodied animals present special problems with regard to measurements of body proportions and we believe that it is important to establish their reliability in studies of geographic variation. The present paper considers variation in morphometric and meristic characteristics of L. forbesi in Scottish waters and attempts to evaluate the relative importance of maturity state, season, and location as sources of variation. Sources of error, especially differences between measurements by different workers, are evaluated using L. forbesi and L. vulgaris, with a view towards the design of a study of geographic variation across the range of these species. Finally, some existing data on variation on a wider geographic scale are presented.
Methods

Morphometric variation in UK samples
From July 1990 to June 1991 samples of squid were obtained from the Scottish fishery. A box of squid was purchased every month from the west coast fishery, bought at the commercial market in Kinlochbervie. Additionally, squid caught by two small Aberdeen-based boats, the seiner 'Sunset' and the light trawler 'Trustful', were obtained as available. Squid were also obtained from research cruises by the Scottish Office Agriculture and Fisheries Department vessel 'Scotia'. The latter samples were frozen at sea. Commercial samples were normally stored on ice on the boat and during transport. The fishing area from which samples derive varied from month to month (Table 1 ). The gear used was also variable, but most samples were caught by demersal trawls. For analysis, the samples were classified into three broad regions, based on ICES fishery subdivisions. These were North Sea (IV), West coast (Via) and RockaU (VIb).
Size-stratified sub-samples of approximately 30 males and 30 females (if available) were taken from each sample. Locally collected samples (area IV) were pooled on a monthly basis to achieve adequate sample sizes. All sub-sampled animals were stored at -20 ° C, in individually labelled polythene bags, for subsequent collection of detailed morphometric and meristic data.
Morphometric and meristic characters were selected and modified from those recommended by Roper and Voss (1983) and those used in previous studies Samples were from commercial boats excePt those marked with a superscript (r), which were research samples. (Augustyn and Grant, 1988; Boyle and Ngoile, 1993; L. Coelho, personal communication, 1990) .
After thawing, measurements were taken in sequence as follows ( Fig. 1 pen length (PL) and pen width (PW). Measurements on arms, tentacle, gill and pen were made after removing the structure from the animal. Sucker rings were measured using a binocular microscope fitted with an eyepiece graticule (1 unit=0.06 mm) and all other measurements were taken with a ruler or vernier callipers (to I mm). Right arm 3, the right ventro-lateral buccal lappet, right tentacle club and right gill were removed and fixed in buffered formalin. Meristic data were later collected as follows: number of suckers on the buccal lappet, number of rows of suckers on the tentacle club, number of teeth on the largest sucker rings on the tentacle club and arm R3, number of gill lamellae. Maturity stage was also estimated on a scale of I-V (modified from Lipinski, 1979 , after Ngoile, 1987 Lum-Kong, 1989 ; see Pierce et al., 1994a) .
Data were screened for errors using bivariate lots and regression analyses to detect outliers. Erroneous values were corrected by reference to original data sheets or deleted.
Univariate and multivariate analyses were carried out to evaluate seasonal and regional trends, differences between sexes and maturity stages, and differences between measurements by different workers. Body size was normally controlled by using PL as a covariate. All statistical analyses made use of BMDP Statistical Software (Dixon et al., 1990) .
Experimental tests of worker differences
To compare differences between morphometric measurements made by different workers, 24 squid (Loligo vulgaris) were measured by four workers (GJP, C. Martins, F. Porteiro, J. Pereira). The use ofLoligo vulgaris was dictated by availability in Lisbon where the exercise was conducted. Each worker made a set of measurements on an animal, then moved on to the next animal. Systematic errors due to repeated handling were effectively controlled for by this experimental design since each person was first, second, third and fourth to measure equal numbers of squid. Some measurements could not be made completely independently since the first person necessarily removed the structure to measure it. Thus, differences due to cutting arms and gills at different points could not be fully assessed.
In a separate exercise, meristic data were collected from fixed tissues of ten Loligo forbesi by seven workers (LCH, J. Pereira, C. Martins, F. Porteiro, M. Cunha, F. Casas, M.T. Fernandez).
Measurements on samples of Loligo forbesi and Loligo vulgaris collected during February-April 1991 by workers based in Vigo, Barcelona (Spain), Lisbon, Faro (Portugal) and the Azores (see Table 2 ) were analysed in conjunction with contemporaneous samples from Aberdeen to evaluate the magnitude of apparent regional differences in relation to worker differences.
Regional variation in Loligo forbesi
We also analysed morphometric data on Loligo forbesi from the UK and the Azores collected in 1989 by AG and FGH. Between May and October 1989, sam- Table 2 ). The Azores samples were caught by commercial jigging during daylight hours. UK samples were caught by commercial and research vessels using demersal trawls. Although there is extensive overlap in size and maturity between areas, a higher proportion of the Azores sample was mature and the Azores animals were larger. All squid were stored frozen between receipt and collection of morphometric data. All measurements were taken by AG or FGH, with both workers measuring animals from both areas. Beak and body measurements were analysed separately, as were data from males and females. After screening for errors, body measurements were corrected for the effect of body size using regression coefficients from pooled within-group regressions on ML. (PL was not used owing to relatively large numbers of specimens having broken pens). All measurements except ML were thus transformed to their predicted value for an animal of average (overall mean) ML. Beak mea-surements were similarly corrected for size using regression coefficients from pooled within-group regressions on LCL. Transformed data were entered into canonical variates analysis (a) excluding the size character (ML or LCL; 'size out') and (b) using all characters including size ('size in').
Results
Worker differences
A two-way ANOVA for morphometric characters of the 24 Loligo vulgaris showed significant differences between measurements by different workers for more than half of the variables examined (Table A 1 ). Measurements of ML differed significantly between workers, whereas measurements of pen length (PL) did not, justifying the use of PL as covariate in all subsequent analyses. Average differences between workers were quantified by calculating regressions on PL (all data pooled) and calculating mean residuals for each worker. Two workers, GJP and CM, consistently recorded lower values than the other two, JP and FP (Table  A2) .
Analysis of meristic data from ten Loligo forbesi indicates significant differences between workers for four out of five variables (Table A3 ). However, it was noted that fixed tissues deteriorated with repeated handling and the analysis was therefore repeated using only the first four sets of data from each specimen. Significant differences remained between workers for three variables.
Worker differences vs. regional differences
ANCOVA of data on male Loligoforbesi collected in all areas during FebruaryMay 1991 (Table A4) indicated that for all variables, size-adjusted group means differed significantly between areas (P< 0.001 ), but for all variables except FL there were also significant between-area differences in regression slope (P< 0.05 ). The latter result suggests that the effect of body size is not completely removed by regression on PL. (Nevertheless, the relationships are sufficiently close to linear that simple transformations, e.g. logarithmic, square root, do not result in improved linearisation. ) Consequently, residuals will include three components: area difference in size-removed residual, area difference in slope, and worker difference. For female Loligoforbesi (Table A5 ) , there were also significant differences between areas in size-adjusted group means for all variables (P< 0.001 ). However, there were fewer significant differences in regression slopes than for males; for the variables LA l, LA2, TL, TCL, LSD, GL, FCL and PW (P< 0.05 ). For male Loligo vulgaris (Table A6 ) , there were significant between-area differences in group means for all variables except FCL (P< 0.05 ) and only one significant between-area difference in regression slopes, for HW (P< 0.05 ) . For female Loligo vulgaris (Table A7) , there were significant between-area differences in group means for all variables except FL, FCL and NCL (P< 0.05 ) and significant between-area differences in regression slopes for LA 1, TL, TCL, LSD and PW (P<0.05).
Results from pooled within-group regressions (Tables A8 and A9) indicated that differences between Loligoforbesi from different areas were of considerably greater magnitude than those expected due to worker effects alone for most variables (Table A2) , and Loligoforbesi from the Azores differed markedly from the other samples. Differences between areas were generally smaller for Loligo vulgaris than for Loligoforbesi, and closer in magnitude to differences expected due to worker effects alone.
Morphometric variation in Scottish waters
The west coast (area IV) was the best represented area in the UK samples and analysis of seasonal differences in morphometry was restricted to samples from this area. For each morphometric variable, a four-way analysis of covariance was carded out. Size effects were removed using PL as a covariate. The four grouping factors considered were: season (January-April, May-August, September-December), worker (GJP and LCH), sex (male, female) and maturity ('Immature' I and II, 'Mature III-V'). These broad classes were necessary to ensure a balanced design (Table A 10 ).
There were significant season and maturity differences for most variables. Worker differences were significant for only four variables, two of which showed no seasonal variation. Sex differences were significant for a number of variables, particularly pen width, mantle circumference and fin width, reflecting the wider female body form. Interaction terms are not presented but some were significant. These results suggest that any further analysis of seasonal variation within regions should be carried out separately for males and females and for different maturity stages. Depending on the variables used it may also be necessary to treat each worker's data separately. Furthermore, regional variation should ideally be examined using samples collected over the same time period.
To determine whether any of the significant effects could be regressed out, stepwise multiple linear regression analysis was applied to the west coast data. Seasonal differences were included by assigning each sample to a calendar month, maturity was expressed as testis length (males) or nidamental gland length (females), and 'worker' was coded as I (GJP) or 2 (LCH). For males (Table A11 ) , worker differences were apparent for only four variables. Two of the coefficients were negative and two positive, indicating that there was no overall tendency for one person to produce consistently high or consistently low values. Coefficients for month were always positive, suggesting that body parts were larger, relative to body length, later in the year, and coefficients for testis length were always negative indicating that body parts increased in size at a slower rate than overall body length as animals matured. The pattern was similar in data from females (Table A 12 ), although there were more (seven) significant between-worker differences, and pen width showed opposite trends to those observed for other variables in relation to month and maturity.
Regional variation in Scott&h waters
To investigate the extent of regional variation in relation to other sources of variation, the entire Scottish data set for July 1990-June 1991 was used. Each large sample was treated as a separate group and smaller samples from the same month and area were grouped together. The very small east coast samples for December 1990, February, March, May and June 1991 were not used. This resulted in a total of 18 groups, each referring to one locality and 1 month. Analysis was restricted to males measured by GJP or LCH, thus minimising betweenworker variation. Analyses of covariance indicated that, while differences between adjusted group means were highly significant, slopes of regressions on PL differed significantly between groups (Table A 13 ). Use of testis length as an additional covariate was of little value since the associated regression coefficient was generally non-significant and slopes remained significantly different. (It is probable that seasonal and maturity differences are confounded. )
Canonical variates analysis was carried out after correcting measurements for size using pooled within-group regression coefficients (Fig. 2) . The correction was not completely satisfactory owing to the differences in slopes. The analysis was repeated excluding tentacle data to reduce the number of specimens lost ow- ing to missing data (Fig. 3 ) . The location of group means on the first axis (CV1) is similar for both analyses. No one group stands out as distinct, and west coast samples from March and September lie at opposite ends of the axis. Standardised coefficients for canonical variables (Table AI4) indicate that mantle circumference had the strongest influence on CVI, while several variables contributed similarly to CV2. Mantle circumference was the variable most strongly affected by maturity (Table A 10 ) and the separation on CV1 may therefore relate largely to maturity. There was some separation of samples from different regions, particularly the September 1990 samples from the east coast, west coast, and Rockall. There was also partial separation of east and west coast samples on axis 2 in Fig.  2 (but not Fig. 3) . Overall, however, there were no consistent regional differences.
Differences between UK and Azores samples
There were significant between-area differences in regression slopes for the majority of variables. Comparison of'size-in' and 'size-out' canonical variates analyses (Table 3) indicates that differences between Azores and UK samples are accentuated by inclusion of body size but, even with effects of size removed (as far as possible), the Azores sample is well-separated from the UK samples in its score on the first canonical axis. The differences are apparent for both males and females, from both body and beak measurements.
Discussion
Differences between measurements by different workers represent a potentially serious problem for the conduct of studies of geographic variation based on morphometric data. In the present study, differences between workers were apparent in both morphometric and meristic data. Some workers consistently measure 'short' and others 'long'. In a soft-bodied animal, many body parts are prone to stretching, which may exacerbate the problem. To some extent these problems will be reduced by training and experience, although it should be noted that the workers involved in the present exercise were all experienced to varying degrees and working to a set of procedures arising from prior agreement. For the Scottish west coast samples, worker differences were apparent for only four of the morphometric variables measured by the two most experienced workers (GJP and LCH). Studies on fish otoliths have shown that between-reader bias in counting rings is more of a problem for inexperienced workers (Kimura and Lyons, 1991 ) . Nevertheless, to ensure comparable data it is preferable for each character or set of characters to be measured on all specimens by a single worker.
In Loligo forbesi it was apparent that the effect of body size on body shape could not easily be regressed out. Relationships between PL and other measurements were, however, sufficiently close to linear that simple transformations invariably produced curvilinear relationships. Loligoforbesi has a very wide range of adult body size, particularly in males, with animals reaching a larger size in the Azores than elsewhere (Martins, 1982) . Thus, apparent differences in body form between the Azores and elsewhere could be generated as an artefact of failure to completely remove the effect of size. The absence of small animals from the Azores means that we cannot fully specify the form of the relationships between ML and other measurements in this area. It is possible that across the full range of body sizes the relationship is basically non-linear, and that at small body sizes the regression slopes would be similar to those for squid from other areas. In contrast, in Loligo vulgaris, which has a smaller range of adult body sizes, the effect of body size on other measurements could normally be successfully regressed out. In a study on morphometric variation in Gonatus fabricii, Kristensen (1982) attempted to control for differences in body size by using ratios between pen length and other measurements. This is a generally less satisfactory procedure if there is any allometry (Thorpe, 1976) . If the underlying regression of a measurement on pen length is non-linear or has a non-zero intercept, merely dividing by pen length does not successfully control for size.
Analysis of morphometric variation in the Scottish samples of Loligo forbesi
revealed clear effects of season and, particularly, maturity on body shape. Regression coefficients of body measurements on indices of maturity (testis length, nidamental gland length), having regressed out body size (PL) and season, were invariably negative, consistent with a shift from growth of somatic body components to growth of reproductive structures in more mature animals. A clear recommendation thus arises that studies of geographic variation on this species should be based on contemporaneous samples with similar levels of maturity.
Canonical variates analysis on morphometric data collected over 12 months for Scottish Loligo forbesi suggested that variation was dominated by seasonal and maturity differences, with no consistent differences between regions (east coast, west coast, Rockall) apparent. Boyle and Ngoile ( 1993 ) found differences in body form between Scottish Loligoforbesi from different regions, but no clear evidence of separate populations. It is probable in such a highly mobile species that there is free movement between all parts of the Scottish coast, so that separate regional populations are unlikely. However, this may not apply to squid at Rockall, which is approximately 400 km from the coast.
For both Loligo species, there were differences in morphometric measurements between samples from different areas on the continental shelf, but worker effects cannot be ruled out as an explanation. The largest differences observed in these samples from April 1991 were, however, between Loligoforbesi from the Azores and elsewhere.
The existence of significant differences in body form of Loligoforbesi between the Azores and Scotland is strongly supported by the data collected in 1989, for which worker effects can be discounted, although, because the sampling was over an extended period, seasonal and maturity differences cannot be ruled out and the problem of effectively removing size differences remains. Nevertheless, the result is consistent with Brierley et al.'s (1993) results on allozymic variation, which showed that most UK samples were genetically indistinguishable and were distinct from Azores animals.
A full evaluation of geographic variation in Loligoforbesi requires samples from across the range, including the Spanish and Portuguese mainland coasts, collected simultaneously and the data recorded so as to eliminate worker effects. Results of such a study, designed in the light of results presented here, appear in Pierce et al. (1994b) and Brierley et al. (1994) . For each variable, all measurements were pooled and regressed on pen length. worker are summarised as mean + 1 SE* denotes significant differences identified 6).
Residuals for each by ANOVA (Table   Table A3 Worker differences: analysis of variance for meristics In a two-way analysis of variance, the difference between specimens was significant (P< 0.01 ) for all variables except SRTC. Differences between workers are tabulated. Variables are: number of sucker rows on tentacular club (SRTC), number of denticles on the largest sucker ring on the tentacular club (DTC), number of denticles on the largest sucker ring on arm 3 (DR3), number of suckers on the ventro-lateral buccal lappet (SBL), number of gill lamellae (GL). *P< 0.05; **P< 0.01; ***P< 0.001. 
